There have been relatively few attempts to study the dynamic aspects of nitrogen metabolism from the standpoint of the intact overall organism. 
There have been relatively few attempts to study the dynamic aspects of nitrogen metabolism from the standpoint of the intact overall organism. The complexity of the problem precludes an exact mathematical description at present, but models which purport to enable one to compute values for nitrogeneous metabolic pool size and rate of incorporation of nitrogen into the human have been devised by San Pietro and Rittenberg (1) and Olesen, Heilskov and Schoenheyder (2) . The approach of San Pietro and Rittenberg was to devise a model on biologic grounds and describe the model by equations, whereas that of Olesen and co-workers was to derive a model from experimental data which could be described by certain equations. The latter, by extending the length of time of the experiment, changed the nature of some of the necessary assumptions of the San Pietro-Rittenberg type model. While there are certain advantages and disadvantages inherent in both types of approach, it would appear that the San Pietro-Rittenberg approach is as satisfactory as any yet available.
The purpose of this study of the San PietroRittenberg model was to determine: 1) the reproducibility of calculated values for nitrogenous metabolic pool size (P), rate of nitrogen incorporation into the protein of the organism (S), and rate constant for metabolic pool turnover (B) in one individual under the same experimental conditions, and 2) the effects of variation of caloric and protein content of the diet on the calculated values. Further mathematical manipulations of the original equations have led to an expression which allows the computation of B at any time, thus providing further insight into the model.
METHODS AND MATERIALS
The patient was a 53 year old white female with histologically proven lymphosarcoma of three and one-half years duration. She had been treated with radiotherapy on a number of occasions, the last course of treatment having been completed six weeks before admission. At the time of admission her spleen was palpable one finger-breadth below the costal margin, but there was no significant adenopathy or other evidence of lymphosarcoma. During the 84 days of the study there was no evidence of tumor growth and only a slight weight change. She was afebrile during all eight studies. Radioactive iodine uptake and protein bound iodine determinations were in the lower range of normal.
Metabolic balance studies were performed during her entire hospitalization (see Figure 1 ) by methods previously described (3) . Caloric expenditure determinations were performed by the technique of Johnson and Newburgh (4) . Four pairs of duplicate studies of the model were performed on four different diets. Diet I consisted of 1,800 calories with 40 Gm. of protein; Diet II contained 1,200 calories and 40 Gm. of protein; Diet III contained 1,200 calories and 80 Gm. of protein; and Diet IV, 1,800 calories and 80 Gm. of protein. Two studies were performed on each diet, the first after eight days of equilibration with the diet and the repeat study eight days later. The first study on Diet I was performed after 12 days of equilibration. Each study was performed after the oral administration with breakfast of 100 mg. of excess N'5 as L-aspartic acid (1.508 Gm. of 63.0 atom per cent excess N'6 L-aspartic acid for Studies 1 through 6, and 0.995 Gm. 95.5 atom per cent excess N'6 L-aspartic acid for Studies 7 and 8). L-Aspartic acid was prepared by the method of Wu and Rittenberg (5). Urine was collected at 20 minute intervals for the first four hours, at 30 minute intervals for about the next three hours, and at wider intervals thereafter (Table II) . The specific activity curve of urinary urea was determined on urea isolated by xanthydrol precipitation (6) . Urea excretion was determined by the urease method followed by Nesslerization (7) . The "urea pool" was measured on two occasions (Studies 1 and 4) by body water determina-The problem of understanding the model and its limitations is that of relating the mathematics to biological meaning. Because 1) There is one nitrogenous metabolic (P) and one urea (U) pool in the body, or there are X pools in sufficiently rapid equilibrium to be considered as single pools.
2) The size of the nitrogenous metabolic pool (P) and the urea pool (U) are constant during the course of the experiment and urea and total nitrogen are excreted at a uniform rate during the day. It is important to realize that the assumption of P and U being constant is only necessary "during the course of the experiment." The measurements involving isotopes which are used for the solution of Equation 16 (1) for B and then the solutions of P and S are completed in about five to six hours, although the nonisotopic measurements (Eu and Et)2 are over a 24 hour period. It is probably safe to assume U to be a constant. Whether there is significant variation in P during the experiment is unknown, but it seems likely that there is some temporary increase in P following the ingestion of a meal. In previous studies (1) the dose of nitrogen given as isotopic amino acid was significant relative to the computed size of the metabolic pool, whereas in the present studies it varied between 4.0 and 9.7 per cent of the computed size of the metabolic pool. The amination, b) mechanical mixing of these labeled amino acids from one organ to another, and c) entrance into cells. This assumption of instantaneous distribution of N15 throughout the metabolic pool is incorrect because of these considerations. The first objection (the finite time involved in transamination) could be partially overcome by using a mixture of labeled amino acids such as that obtained from hydrolysate of labeled protein. Thus, transamination of the isotope would have occurred prior to its administration to the patient. Intravenous administration of the isotope would tend to decrease the error of mechanical mixing. Since the liver removes a large fraction of the administered dose of labeled amino acid, it is probable that the values computed from the model are to a large extent a reflection of liver activity. 4 The line graph below the weight curves represents the serum uric acid level and the bar graph, the daily excretion of uric acid.
The bar graphs at the bottom of the chart represent the patient's basal metabolic rate and the closed circles the respiratory quotient on selected days during the study (15) . The line labeled "standard bar" represents the AubDubois standard basal metabolic rate for a woman of the age and with the surface area of this patient and also the respiratory quotient of a patient consuming an average mixed diet.
The Arabic numerals along the top and bottom of the chart refer to the four day metabolic balance periods of the study and may be identified with the isotope studies and diets by reference to the arrows at the top of the chart and to Tables I through V.
Note that low protein intake at both calorie levels was associated with weight loss and negative nitrogen imbalance. High protein intake was associated with nitrogen equilibrium at both levels of caloric intake, but was accompanied by caloric equilibrium and weight gain only when the caloric intake was high. The calcium balances suggest more retention of calcium on the high calorie, high protein, than on other regimens.
The actual and theoretical weight curves are practicably superimposable on one another. Uric acid excretion rose when calorie intake was increased while the patient ingested a high protein intake.
The basal metabolic rate declined dramatically on the low calorie, low protein regimen, rose on the high calorie, low protein, and returned to standard when the calorie and protein intake were both high. The respiratory quotient was lower on low than on high protein regimens.
Be-Bt Figure 3 . The values for the other studies, where the agreement of duplicate curves was not quite so remarkable, is shown in U)0t0 U)_00 U)0.00,0 v 00'e (9)00U)V * 00 0000
O-V00C'. The fact that the computed values of B vary during the course of the experiment, as they do when the experimental data are used to compute B at different times, means that the experimental data do not fit the equations of the model early in the experiment. This is a reflection of the fact that some of the assumptions on which the equations of the model are based are somewhat incorrect. The t max (time of maximum urea specific activity) occurs at a time when there is not great deviation of B from linearity with zero slope, thus demonstrating that the use of t max for computation of B is justified.
The erroneous assumption which explains the early negative value of B is that of instantaneous mixing of N15 throughout the-metabolic pool. If this assumption were correct, Xp would be expressed by a curve of the exponentially decreasing type with no ascending limb. The slope of this type of curve is negative throughout and equal to -Bkp. B for this type of assumed curve has a constant positive value. Experimentally, however, the curve of Xp has an ascending limb and a descending limb, where the ascending limb corresponds to the period when isotope is entering P more rapidly than it is leaving. The slope prior to the maximum value of Xp is positive and corresponds to the period when B is negative which gives a positive value to the expression -BXp. The time at which B = 0 is the time of maximum value of Xp. Thereafter the positive value of B corresponds to the negative slope of the curve of Xp. The fact that B decreases gradually after reaching a maximum value is a reflection of the fact that * B is defined as the rate constant for metabolic pool turnover and is expressed in units of days-'. P is the number of grams of nitrogen in the metabolic pool. S is the number of grams of nitrogen incorporated into protein per day. BP is the turnover rate of the metabolic pool expressed as grams of nitrogen leaving the metabolic pool per day.
the specific activity curve of Xp decreases less rapidly after B max than the model would predict because of nonhomogeneity of the metabolic pool, in addition to the fact that isotope is entering the metabolic pool from various sources.
The specific activities of urinary urea for all eight studies are presented in Table II and the data on urea excretion, total nitrogen excretion and urea pool size are presented in Table III . The values for B, P and S for all eight studies as computed by the San Pietro and Rittenberg method (1) are presented in Table IV Table IV. values of P and S have also been computed as shown in Table V (Table III) . The metabolic pool size (P) and turnover rate (BP) appear to increase somewhat when the dietary protein is increased from 40 Gm. per day to 80 Gm. per day. The mean value of P in Studies 1 through 4 (Table IV) differed significantly from that of 5 through 8 at the 5 per cent level by the "t test." The rate of incorporation of nitrogen (S) (Table IV) appears to be unaffected by dietary changes until both nitrogen intake and caloric intake are raised (Studies 7 and 8). The mean value of S for Studies 7 and 8 differed significantly from that of Studies 1 through 6 by the "t test" at the 1 per cent level.
S did not change significantly when the per cent of protein in the diet was doubled with maintenance of constant caloric intake (Studies 5 and 6). If caloric expenditures were equal on Diets II and III [and measurements by the technique of Johnson and Newburgh (4) suggest that they were], then a greater fraction of the caloric demand was provided by protein on the higher protein diet (Diet III). This is to be expected and is in keeping with the increased urea and total nitrogen excretion observed on Diet III. The relative constancy of S on both diets also suggests that the additional protein was used to meet caloric needs and not for incorporation. It is well known that during starvation calories are furnished through breakdown of protein. Since synthetic processes require caloric expenditure, one would expect caloric needs to supersede to some extent synthetic processes. Here the individual maintained a steady state because the diet contained sufficient total calories including protein to meet caloric needs, some of which were derived from protein.
Since the total nitrogen excretion on Diets III and IV was the same, and the urea excretion was slightly greater on Diet IV (Table III) , one might expect the same or slightly less nitrogen available for incorporation on Diet IV. The greater incorporation into protein (S) calculated therefore corresponds to more rapid turnover of the metabolic pool (BP) associated with the higher caloric intake.
Although S increased somewhat in Studies 7 and 8, the patient was in nitrogen equilibrium. This raises the question of whether high nitrogen and high caloric intake can increase protein turnover when there is no demonstrable increase in the amount of protein in the body. It is of interest that this patient, after discharge from the hospital, gained 7 Kg. over the course of several months. The question also arises as to whether increased protein turnover is a prelude to positive nitrogen balance. Considerably more study will be necessary before these questions can be answered definitively. SUMMARY 1. The mathematical model of nitrogen metabolism devised by San Pietro and Rittenberg (1) has been examined from the theoretical and experimental standpoint.
2. The reproducibility of calculated values for nitrogenous metabolic pool size (P), rate of incorporation of nitrogen into protein (S), and rate constant for nitrogenous metabolic pool turnover (B) in one individual under the same conditions is adequate enough to suggest that the effect of variables on the kinetics of nitrogen metabolism can be readily determined.
3. The effect of variation in both caloric and protein content of the diet was determined while the patient was on a metabolic balance study. The rate constant for nitrogenous metabolic pool turnover does not appear to vary significantly with the changes of diet studied here. Increased protein intake appears to increase the size of the nitrogenous metabolic pool (P) somewhat. The calculated rate of incorporation of nitrogen into protein (S) increased when both the caloric and protein intake were increased, even though the patient remained in nitrogen equilibrium. This raises the question as to whether increased caloric and protein intake can increase protein turnover prior to the onset of positive nitrogen balance.
